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rainfall and mean monthly temperatures in the growing 
season (April-October) are 76.2 mm and 19.1 °C, respec-
tively. The altitude of the vineyard was 1050 m.
Canes were stored between two packages of plastic gel 
refrigerant at -3 °C before the tests were run (FLINN and 
ASHWORTH 1994).
All wines were spaced 2.5 m apart in north-south ori-
ented rows that were 2.5 m wide. The vines were spur-
pruned and head-trained. The height of head was 0.7 m 
above ground. Shoot number ranged from 20-25 per vine 
for both cultivars. 
E x o t h e r m   a n a l y s i s :  Thermal analysis (TA) 
was performed by using copper-constantan thermocouples 
and a programmable freezer. Exotherms of dormant buds 
including 2 cm long segments of nodal tissue, were de-
termined by observing temperature recordings for sudden 
temperature deflections (ANDREWS et al., 1983, QUAMME 
1983, KANG et al. 1998). The thermocouple was attached 
to the intact dormant buds with an elastic band. Silicon 
grease was used to cover the thermocouple junction to 
obtain maximum heat transfer; the samples were wrapped 
with aluminum foil and placed in Dewar Flask which was 
prechilled to -3 °C (QUAMME 1983). The samples were pre-
pared and thermocouples were placed at -3 °C. The De-
war flasks were placed in a programmed freezer to achieve 
a constant cooling rate that was 5 °C h-1 (ASHWORH and 
ROWSE 1982, ANDREWS et al. 1983). Cooling started at -3 °C 
in all freezing tests and ended at -30 °C. High temperature 
exotherms (HTE) and low temperature exotherms (LTE) 
were recorded every 15 s using a multi-channel datalogger 
(MONTANO et al. 1987). Determinations were carried out on 
15 intact dormant buds of each graft combination.
All data were statistically treated by the analysis of 
variance (ANOVA), means by the Tukey’s Honestly Sig-
nificant Differences test.
Results and Discussion: The dormant buds of all 
tested graft combinations showed HTE and LTEs (Table). 
However, in our analysis only the first LTE was evaluated, 
because the first LTE temperature is closely related to cold 
hardiness of grapevine (WOLF and COOK 1994). Occasion-
ally, an exotherm was observed below the first LTE, but 
this was not recorded. It is assumed that the latter is associ-
ated with secondary or tertiary primordia. 
Both HTE and LTE temperatures were statistically 
different in all rootstock-scion combinations tested. TA 
showed that large HTEs were at -3.0 °C to -8.6 °C, fol-
lowed by smaller LTE at -20.1 °C to -23.3 °C depending on 
the rootstock-scion combination. 
In previous studies (ASHWORTH and ROWSE 1982, AN-
DREWS and PROEBSTING, 1987), reported that TA of buds 
typically reveals two distinct exoterms (HTE and LTEs) 
during cooling. The HTE occurs between 0 and -10 °C. 
This is a large exotherm corresponding to the freezing of 
extracellular water in the bud axis and scales. The LTEs 
correspond to the freezing of extracellular water in the bud 
axis and scales. The LTEs correspond to the freezing of su-
percooled water within the primordium and are associated 
with injury to the flower primordia of vitis (PIERQUET and 
STUSHNOFF 1980, ANDREWS et al. 1984). 
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Introduction: Low-temperature injury is one of the 
most important factors limiting the production of fruit 
crops, especially temperate fruit trees (KANG et al. 1998). It 
is known that rootstocks influence cold hardiness of scion 
tissues (CHAPLIN and SCHNEIDER 1974). Thus, many efforts 
to raise cold hardiness through breeding or by rootstock-
scion combinations have been made (RAJASHEKAR et al. 
1982 a, b).
Exothermic events (especially low temperature exo-
therms, LTE) have been associated with cold injury dur-
ing controlled freezing of several woody plants (QUAMME 
1974, ASHWORTH and ROWSE 1982, ANDREWS and PROEBST-
ING 1987, WAMPLE et al. 1990, WOLF and COOK 1994, KANG 
et al. 1997). The assumption that laboratory hardiness tests 
represent actual field hardiness is central to studies predict-
ing plant survival or damage in response to field conditions. 
After it had been shown that LTE is involved in freezing 
injury of apple stem tissue (QUAMME et al. 1972), thermal 
analysis has emerged as a simple and rapid technique for 
determining cold hardiness of plant tissues. Measurements 
of grape bud hardiness by thermal analysis were success-
fully performed by QUAMME (1974), MONTANO et al. (1987), 
RAJASHEKAR and REID (1989) and WOLF and COOK (1994).
The purpose of this study was to determine the effect 
of 7 rootstocks on exotherms, especially low temperature 
exotherm and cold hardiness of dormant buds of the grape-
vine cvs Gemre and Razakı.
Materials and Methods: P l a n t   m a t e r i a l :  All 
studies were conducted on cane sections of the Vitis vinif-
era L. cvs Gemre and Razakı grafted on 7 rootstocks dif-
fering in vigor: Dogridge, Fercal and Ramsey (high vigor), 
Harmony and 1613 (moderate vigor) and 1616 and 41B 
(low vigor).
Cane sections were collected on January 8, 2001. Ex-
periments were conducted on dormant buds of scions ob-
tained from 10-years-old vines grown at the experimental 
vineyard of the Horticultural Research Institute, Egirdir, 
Turkey. 
Vineyard soil was sandy clay loam. Vineyard climatic 
conditions are characterized by relatively low humidity, 
dry periods and a short (201 d) growing season. Long-term 
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condition of a short growing season. Further studies should 
be made with other rootstocks under the condition of long 
growing seasons.
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Analysis of variance of our data showed that effects of 
high vigor (Dogridge, Fercal and Ramsey) and those with 
low vigor (1616 and 41B) showed higher HTE and LTE 
temperatures than rootstocks with moderate vigor (Har-
mony and 1613). 
While the highest HTE and LTE temperatures of 
Razakı and Gemre were observed for Dogridge and Ram-
sey, the lowest HTE and LTE temperatures of both culti-
vars were determined from Harmony (Table). This can be 
associated with water content and the maturity of buds. It 
is well known that there is a correlation between maturity 
and water content of tissue and cold hardiness (WOLPERT 
and HOWELL 1986, WOLF and POOL 1987). Also delayed 
maturity resulting in decreased hardiness has been reported 
(CHAPLIN and SCHNEIDER 1974) and LTEs were associated 
with the water content of flower primordia of sweet cherry 
(ANDREWS and PROEBSTING 1987). KANG et al. (1998) stated 
that decreases in the water content of primordia caused de-
creases in the exotherm temperatures. 
Under the condition of short growing seasons, high 
vigor rootstocks delay the onset of maturation of scion 
cane and, low vigor rootstocks not improve necessarily the 
cane of scions. So, high vigor Dogridge, Fercal and Ram-
sey and, low vigor 1616 and 41B did not withstand the 
short growing season. In other words, moderate vigor root-
stocks may have better effect on frost resistance of scions 
than high vigor and low vigor rootstocks.
Rootstocks have no direct effect on the cold hardiness 
of grapevines. However, indirect effects, e.g. for vigorous 
rootstocks a higher mutual shading of leaves, can lead to 
delayed maturation of fruit and canes. This can result in a 
significant decrease in cold hardiness (WOLPERT and HOW-
ELL 1986; ANONYMOUS 1992). 
In conclusion, our data show definite effects of grape-
vine rootstocks on scion cold hardiness. High and low vig-
or rootstocks, delaying the maturity of scion canes, should 
not be used for grapevine to avoid frost damage under the 
T a b l e
Effects of rootstocks on high temperature (HTE) and low tem-
perature exotherm (LTE) temperatures of cvs Razakı and Gemre. 
Least significant differences between means (LSD) are indicated
at P < 0.01
Rootstock HTE (°C) LTE (°C)
 Gemre Razakı Gemre Razakı
Dogridge -4.0 c -3.2 e -20.9 c -20.1 e
Fercal -3.6 cd -3.4 e -20.8 c -20.7 d
Ramsey -3.0 e -4.8 d -20.5 c -21.3 c
Harmony -8.6 a -8.1 a -22.9 a -23.3 a
1613 -5.1 b -6.8 b -21.6 b -22.1 b
41B -3.2 de -5.7 c -20.5 c -21.9 b
1616 -3.5 d -6.6 b -20.7 c -22.1 b
LSD < 0.01 0.428 0.366 0.471 0.383
